Suppressive effects of human IFN-ct, IFN-fl and mouse-IFN on syncytium formation in human and mouse transformed cells have been studied using u.v.-irradiated Sendai virus (UV-Sendai virus). After treatment of human RSa cells with 500 units/ml human IFN<z for 16 h, the syncytium formation induced by UV-Sendai virus was reduced to less than 10% of controls. The suppressive effect was dependent on the amount of interferon added, and it was blocked by the addition of cycloheximide. Suppression of syncytium formation was also observed on human IF r cells, which are partially resistant to the anticellular effect of interferon but are sensitive to the antiviral effect of interferon. Human IFN-fl also had a suppressive effect on syncytium formation in human transformed cells, and human IFN-tL IFN-fl and mouse IFN showed species specificity in their effect on fusion. This anti-cell fusion activity was developed in IF r cells from about 5 h after addition of IFN-ct and when the cells were treated with IFN-~ for 16 h, the resistant state of cells continued for over 20 h after removal of IFN<t.
INTRODUCTION
In addition to the establishment of the antiviral state, interferon is known to cause various other effects on cells (Gresser, 1977; Stewart, 1979) . It elicits alteration of cell surface properties (Friedman, 1979) , such as the expression or suppression of cell surface antigens (Lindahl et aL, 1973 (Lindahl et aL, , 1976 Vignaux & Gresser, 1977) and causes physical, morphological and biochemical alteration of the plasma membrane (Stewart et al., 1972; Kohn et aL, 1976; Knight & Korant, 1977; Chang et aL, 1978) . However, the mechanisms underlying such phenomena are still not clear. Recently, some reports showed that interferon inhibited the motility of cells (Brouty-Boye & Zetter, 1980; Pfeffer et al., 1980 a, b) and the mobility of cell membrane (Matsuyama, 1979; Pfeffer et al., 1980a) , and suggest that interferon decreases the fluidity of the cell membrane. We have recently reported that a C-type virus RD-114, inactivated with u.v. irradiation or fl-propiolactone, induced cell fusion of human transformed RSa, IF r cells and that the fusion was prevented by pretreatment of cells with human interferon (Tomita & Kuwata, 1979) . We have studied the effect of interferon on cell fusion by u.v.-inactivated Sendal virus (UV-Sendai virus), because Sendal virus is known to have potent cell fusion activity in many kinds of cells and the mechanisms of cell fusion have been made relatively clear (Poste & Pasternak, 1978) . We present here results showing that interferon inhibits cell fusion induced by UV-Sendai virus. A preliminary report of this work has been presented previously (Tomita & Kuwata, 1980) .
METHODS
Cells. RSa, RSb, IF r and RD-114 cells have been described before (Tomita & Kuwata, 1979) . The human adenocarcinoma cell line HEC-1, was also used for some experiments (Kuramoto et aL, 1972 Cancer Institute, Okayama University, Japan and mouse L cells were supplied from Dr S. Kobayashi, Torai Industries, Kamakura, Japan. These cells were cultured by using Eagle's minimum essential medium (MEM) supplemented with 10% calf serum in a humidified atmosphere containing 5 % CO 2. Virus. Sendal virus was grown in the allantoic sac of 10-day-old chick embryos at 35 °C for 3 days. The eggs were chilled at 4 °C overnight, the allantoic fluid was centrifuged at 3000 rev/min for 30 rain, and the supernatant was centrifuged at 20000 g for 30 rain. Virus was suspended in BSS solution (Sato et al., 1980) containing 2 mM-CaC12 and was recentrifuged at 3000 rev/min for 30 rain to eliminate aggregates. It was then inactivated by exposure of 2 ml of virus in a 60 mm Petri dish to u.v. light at a distance of 150 mm using a germicidal lamp (Hitachi GL-15; about 60 ergs/mm2/s) for 4 rain. Haemagglutination (HA) titre of Sendal virus was determined by the method described by Okada & Murayama (1966) .
Direct syneytium assay. Almost confluent cells in 35 mm dishes were washed with MEM, 0.7 ml of UV-Sendai virus was added and the dishes were put on ice for 10 rain. The cells were incubated at 37 °C for 4 h or 16 h in a humidified atmosphere containing 5 % CO/, and then fixed with methanol and stained with 10% Giemsa stain. The number of syncytia which contained five or more nuclei was counted using a microscope. The total number of syncytia per dish was calculated from the number in eight randomly chosen square fields (about 38 mm z) in two dishes.
Interferon. Human IFN-c~ (sp. act. 4.0 x 106 international units/rag protein), mock IFN-a which was produced by adding Sendal virus to buffy coat cell culture just before harvesting the culture fluid, and sheep antiserum against IFN-a (1 unit of this antiserum neutralized 10 units of human IFN-a) were supplied by Dr K. Cantell, Central Public Health Laboratory, Helsinki, Finland (Cantell & Hirvonen, 1977) . Human IFN-fl (sp. act. 6.5 x 105 units/rag protein) was supplied by Dr A. Billiau, Rega Institute, University of Leuven, Belgium (Edy et al., 1978) . The titre of the human interferons was measured and expressed in international units/ml as described previously (Kuwata et al., 1978) . Mouse IFN (a mixture of a and fl; sp. act. about 108 reference units/mg protein) was supplied by Dr Y. Kawade, Institute for Virus Research, Kyoto University, Kyoto, Japan.
RESULTS

Syneytium formation by u.v.-irradiated Sendai virus and its suppression by interferon
Sendai virus induced syncytia in RSa and IF r cells efficiently in monolayers as reported previously (Tomita & Kuwata, 1980) , depending on dose of UV-Sendai virus (Fig. 1) . When RSa cells, which are very sensitive to the antiviral and anticellular action of interferon (Kuwata et al., 1976) , were pretreated with 500 units/ml IFN-a for 16 h, cell fusion was significantly suppressed (Fig. 1 ). These suppressive effects of interferon were observed if the number of syncytia was counted at 16 h (data not shown) or even at 4 h ( Fig. 1) after addition of u.v.-irradiated Sendai virus. Interferon exhibited almost the same degree of suppressive effect on cell fusion in the IF r cells, which are comparatively resistant to anticellular action of interferon but is sensitive to the antiviral action of interferon (Kuwata et al., 1976) as in RSa cells. The effect of IFN-a was dependent on the amount added and 500 units/ml IFN-a suppressed cell fusion of RSa and IF r cells by more than 90%, while mock IFN-a had no effect on these cells (Fig. 2) . When the IFN-a (250 units/ml) was mixed with sheep anti-IFN-a serum (25 units/ml) at 37 ° C for 1 h, the suppressive effect of IFN-a on syncytium formation of IF r cells was neutralized by 85 % (data not shown). A number of other human cell lines, RSb, RD-114 and VA-13 were also protected by IFN-a against the cell fusion effect of the virus (Fig. 2 b) . However, neither human IFN-a nor IFN-fl inhibited fusion of mouse L cells, suggesting that these effects were species-specific just like the antiviral and anticellular action of interferon. We also examined the effect of highly purified mouse interferon on IF' cells and mouse L cells, and found that mouse interferon did not suppress the fusion of IF r cells. On the other hand, when L cells were pretreated with mouse interferon for 18 h, L-cell fusion induced by UV-Sendai virus within 4 h was suppressed significantly. However, 2 h pretreatment of cells with interferon was not enough to suppress the cell fusion (data not shown). * RSa cells were treated with IFN-ct or cycloheximide, or both, for 20 h, and then fused with 60 HAU/ml of UV-Sendai virus for 16 h.
~" IF r cells were treated with IFN-a or cycloheximide, or both, for 16 h, and then fused with 1600 HAU/ml of UV-Sendai virus for 4 h.
Recently, we found the HEC 1 cells, isolated from human adenocarcinoma, were totally insensitive to the antiviral and also anticellular action of IFN-ct and IFN-fl (Chen et al., 1981; Verhaegen et al., 1980) . These cells were also completely insensitive to the cell fusion-inhibitory activities of IFN-a and IFN-/L
Development and duration of suppressive effect of lFN-a on syncytium formation
It is necessary to treat IF' cells with interferon for at least 5 h for the development of the antiviral state. Therefore, we studied the time course of development and duration of cell fusion-inhibiting state in IF' cells. As shown in Fig. 3 (a) , the inhibitory effect of interferon on IF r cell fusion was observed about 5 h after addition of 250 units/ml IFN-a and reached a maximum level after 16 h incubation. When IF r cells were treated with 250 units/ml IFN-ct for 16 h, the anti-fusion state of cells was preserved for at least 20 h after removal of interferon (Fig. 3 b) . 
Interferon and cell fusion 293
Effect of cycloheximide on the establishment of interferon activity
We have reported that protein synthesis is required for the development of the antiviral state in RSa and IF r cells and that inhibition of the protein synthesis blocks the development of antiviral state (Kuwata et al., 1977) . However, cellular protein synthesis is not required for 'fusion from without' by Sendai virus (Poste & Pasternak, 1978) . Therefore, we used cycloheximide to examine whether protein synthesis is required for the development of cell fusion-inhibiting state in interferon-treated cells. As shown in Table 1 , 5 ~tg/ml cycloheximide blocked the action of 250 units/ml IFN-a on syncytium formation in IF ~ cells.
DISCUSSION
The cell fusion-inhibiting activity of interferon was expressed on IF r cells as also observed in the case of RD-114 virus. IF r cells were at first isolated from parental RSa cells as a cell line comparatively resistant to cell growth inhibition by interferon, but they still retain sensitivity to antiviral action of interferon, and intracellular 2:5A synthetase and protein kinase activities of IF ~ cells were induced by interferon treatment in a same kinetic manner as in parental RSa cells (Vandenbussche et al., 1981) . Binding of IFN-ct on IF ~ cell surface was estimated to be about 5% of that on RSa cells (Kuwata et al., 1976) . However, IF f cells were fused by UV-Sendai virus at least 3 times more efficiently than that of RSa cells. Furthermore, the sensitivity to IFN-a of cell fusion-inhibiting activity was almost the same on both IF ~ and RSa cells. These results indicate that the development of cell fusion-inhibiting state in cells may not be related directly to the sensitivity of cells to the cell growth-inhibiting activity of interferon. At present, the natural receptors for interferon and Sendai virus are still not defined, but both are adsorbed on cell surface gangliosides (Besanqon & Ankel, 1978; Holmgren et aL, 1980) . Therefore, it may be argued that inhibition was due to simple competition of cell surface gangliosides by interferon for Sendal virus. In other words, the interferon binding on the cell surface gangliosides blocked the binding of Sendal virus to a cell surface receptor. But this is not the case, because 4 h preincubation of cells with interferon at 37 °C was not enough to change the cell to cell fusion-inhibiting state and because de novo protein synthesis was required for the development of cell fusion-inhibiting state of cells. Previously, we have showed that interferon treatment of IF r cells did not affect the binding of RD-114 virus to the cell surface (Tomita & Kuwata, 1979) . Similar results were observed in the case of binding of [3H]amino acid-labelled Sendai virus on interferon-treated or untreated IF r cells (data not shown). From these results, it seems possible to postulate that Sendai virus may be adsorbed on a cell surface receptor which is different from the interferon receptor. Sendai virus induces cytolysis in the absence of calcium ions (Okada & Murayama, 1966) . Therefore, we have previously studied the effects of interferon on the cytolysis of HeLa cells induced by Sendai virus and found inhibition of cytolysis by human interferon (Sato et al., 1980) . From this fact and the results presented in this paper, interferon seems to elicit alterations of cell membrane component(s) as suggested by Chang et al. (1978) and decreases the fluidity and mobility of the cell membrane. If this is the case, inhibition of cell fusion may be a result of decreased fluidity of cell membrane. Chatterjee & Hunter (1980) showed inhibition by interferon of Mason-Pfizer monkey virus-induced syncytium formation in normal human cells and suggested that interferon inhibited translation of viral messenger RNA. But they could not exclude a possibility that the inhibition of fusion resulted from interferon-induced change in membrane fluidity or permiability. The cell fusion by Sendai virus is known as a typical 'fusion from without'. According to a hypothesis proposed by Hosaka & Shimizu (1977) , cell fusion occurs as follows: adsorption of virion on cell surface receptor, dissolution of cell membrane, envelope-cell membrane fusion, and then cell-cell fusion. At present, we do not know at which step(s), interferon acts. To clarify this point, experiments are now in progress. TOMITA, V. & KUWATA, X. (1979) . Suppressive effects of interferon on syncytium formation by 
